Micrabiology, Vol. 70, No. 2, 2001, pp. 165-174. Trandlated from Mikrobiologiya, Vol. 70, No. 2, 2001, pp. 204-214.

Original Russian Text Copyright © 2001 by Kurakov, Kostina.

EXPERIMENTAL

ARTICLES

Spatial Peculiaritiesin the Colonization
of the Plant Rhizoplane by Microscopic Fungi

A. V. Kurakov* and N. V. Kostina**
*|nternational Center for Biotechnology, Moscow Sate University, Vorob’ evy gory, Moscow, 119899 Russia

** Department of Soil Biology, Faculty of Soil Science, Moscow State University, Vorob' evy gory, Moscow, 119899 Russia
Received May 15, 2000; in final form, August 24, 2000

Abstract—Spatial peculiaritiesin the colonization of the tomato, cucumber, and barley rhizoplanes by micro-
scopic fungi were studied. The apical zone of roots was colonized with a limited number of R strategists (the
order Mucorales, Fusariumsp., Aspergillus niger, and Mycelia sterilia). The fungal population of theroot hairs
and the basal zone of roots was 2- to 3-fold denser due to the prevalence of K strategists. Fusaria, Fusarium
oxysporum in particular, colonized roots in earlier terms than the genera Trichoderma, Penicillium, Gliocla-
dium, and others. The F. oxysporum population was at a maximum in the rhizoplane zone nearest the root tip.
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Some microscopic fungi have shown considerable
promise for root pathogen control, which calls for
knowledge of the regularities of their colonization,
development, and spatial distribution in the plant
rhizoplane. The relevant data concern mainly the above
ground parts of plants [1, 2], whereas little is known
about the primary colonization of the root system of
plants and the invasion of plant tissues by fungal phy-
topathogens. Theinfection of roots by phytopathogenic
fungi, such as Pythium and Phytophthora, occurs pri-
marily in zones with maximum exudation of nutrients
by the roots [2]. If plant seedlings are placed in a sus-
pension of fungal zoospores, the latter, as arule, accu-
mulate in the zones of the root damage or elongation
[3]. The zoospores of Plasmodiophora brassicae Wor.,
the causative fungus of the clubroot of crucifers, invade
host plants through root hairs and the youngest epider-
mal cells. Presumably, fusariainfect plantsin asimilar
way [1, 4, 5]. Animportant aspect of thisproblemisthe
reliable detection of the saprotrophic micromycetes
that live in the zone of the phytopathogen invasion of
roots.

The present work was undertaken to study the pecu-
liarities of the colonization of plant roots by
saprotrophic microscopic fungi.

MATERIALS AND METHODS

Experiments were carried out with the fusariosis-
susceptible tomato hybrid F1, the cucumber cv. Crystal
hybrid 116, and the barley hybrids 19034 and 18505.

Tomato and cucumber plants were grown in light
soddy podzolic loamy soil of a hotbed at the Research
Institute of Selection of Vegetable Crops (Mytishchi
city, the Moscow region). Under laboratory conditions,

tomato and cucumber plants were grown in the same
soil for 3 weeks.

Barley plants were grown for 2 weeks in heavy
soddy podzolic loamy soil taken from the top soil hori-
zon (0-20 cmin depth) on theterritory of the Soil Ecol-
ogy Station of Moscow State University (Chashnikovo,
the Moscow region). The soil was preliminarily sieved
through a 1-mm-mesh-size screen.

Unlike other researchers dealing with plant
rhizoplane, we did not wash roots but carefully cleaned
them by removing the attached soil particles with ster-
ile tweezers, aneedle, and a brush. Such cleaning pro-
cedure is easy to perform when tomato and cucumber
plants are grown in awell-structured hotbed soil with a
high content of organic matter but is hardly appropriate
for barley plants grown in a heavy loamy soil. For this
reason, barley seeds were germinated in the soil
between two layers of 150- to 250-um-mesh-size nylon
gauze, so that the barley seedling roots remained clean
during the plant growth [6]. Such an approach did not
noticeably affect the qualitative and quantitative com-
position of rhizoplane microorganisms: the populations
of rhizoplane bacteria, actinomycetes, and fungi
detected in the experiments with and without nylon
gauze were found to be very similar, and the Sorensen
similarity coefficients of the rhizoplane micromycete
complexes detected in these two types of experiments
were found to be higher than 80% [6].

Under laboratory conditions, plants were grown at
room temperature under natural illumination in glass
containers with a removable side wall. The container
bottom was covered with a 1-cm layer of quartz sand
overlaid with a15-cm soil layer. Before sowing, the soil
was wetted to 60—70% of the field moisture capacity
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Table 1. The mean radia growth rate of microscopic fungi
in soddy podzolic soil and the rhizoplane of 1-week-old bar-

ley plants

Mean radial
Inoculation with Medium | growthrate, mm/h
soil rhizoplane
Soil suspension dilutions 1* 0.08 0.14
and washings from roots %
and seeds 2 0.07 0.13
Soil particles, seeds, 1 0.41 0.44*
and root fragments 0.55**
0.49
2 0.32 0.37*
0.39**
0.38

Note: 1, Czapek agar; and 2, Hutchinson agar.

* Therhizoplane of thebarley hybrid 19304. ** Therhizoplane of
the barley hybrid 18505.

through glass tubes penetrating the sand layer. The
rhizoplane was sampled as follows. After removing the
container’s side wall, the roots appearing between the
nylon gauze layers were carefully detached from the
gauze and placed between sterile paper sheets for anal-
ysis (aternatively, small roots were placed in sterile
petri dishes). Each root was divided into 8 regions:
regions 1 and 2 corresponded to the zone of root sheath
and elongation; regions 3-5 corresponded to the zone
of root hairs; and regions 6-8 corresponded to the basal
part of the roots. Each root was cut into pieces (frag-
ments) 0.5-1 mm in length. Ten fragments from each of
the eight root regions were placed on Czapek agar con-
taining lactic acid or streptomycin for the analysis of
their microbial population.

The abundance of aparticular speciesin agiven root
zone was calculated as the ratio of the number of the
root fragments of this root zone colonized by this spe-
cies to the total number of the analyzed root fragments
of thisroot zone. Asarule, oneroot fragment 0.5-1 mm
in size gave rise to one fungal colony; i.e., under these
analysis conditions, the species abundance (the number
of micromycetes of a given species to the total number
of detected fungi) corresponded to the occurrence rate
of this species.

To detect fungi in the internal root tissues of with-
ered plants, the root fragments were sterilized in 0.1%
mercuric chloride for 1 min, ground in a mortar with a
rubber-coated pestle, suspended in 10 ml of sterile
water, and inocul ated on the surface of Czapek agar. In
comparative experiments with barley plants, both the
root washings and the root fragments were inoculated
on the surface of Czapek and Hutchinson agars. The
mean radial growth rate was determined from the
results of the 50—100 measurements of fungal growthin
the soil and in the different rhizoplane zones. The colo-
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nies grown on agar media were counted at 5- to 20-h
intervals[7, §].

Microscopic fungi were identified by andyzing the rel-
evant cultural and morphological characteristics [9-11].

Experiments with plants were carried out in 5 to 10
replicates. The results were dtatistically processed
using the Statistica software program.

RESULTS

The mean radia growth rate of micromycetesin the
rhizoplane of 1-week-old barley plants was consider-
ably higher than that of soil micromycetes (Table 1)
and was at a maximum (0.7-1.2 mm/h) in the zone of
root elongation and root hair growth, as well asin the
upper region of the basal part of the roots and on the
surface of germinated seeds. The mean radial growth
rates were found to be considerably higher when test
agar media were inoculated with the melkozem (fine
soil) particles, root fragments, and pieces of the outer
cover of germinated seeds than when inoculated with
the root washings or the soil suspension dilutions. Asa
result, 40-100% of fungal colonies became visible on
the agar surface as early as 12 and 20 h after the agar
inoculation with the root fragments and melkozem par-
ticles, against 23 and 43 h after agar inoculation with
the root washings and the soil suspension dilutions.
These data suggest that the first approach (inoculation
with the root fragments and melkozem) makes it possi-
ble to revea the active form of micromycetes (their
mycelium rather than spores). Therefore, this approach
is more appropriate to the investigation of the coloniza-
tion of the plant rhizoplane by micromycetes.

Analysis showed that the typical fungi of tomato,
cucumber, and barley rhizoplanes are the order Mucor-
ales, Fusarium oxysporum, F. solani, Alternaria alter-
nata, Gliocladium catenulatum, Aspergillus niger, Pen-
icillium purpurogenum, P. variabile, P. roquefortii, Ver-
ticillium  lateritium, Trichoderma  harzianum,
T. koningii, Chaetomium sp., and Mycelia sterilia (the
families Dematiaceae and Mucedinaceae). A compari-
son of the cucumber and tomato rhizoplanes showed
that the latter was more abundantly populated with
F. oxysporum, F. solani, Cladosporium cladosporio-
ides, A. alternata, Acremonium sp., and Penicillium
spp. of the section Biverticillata and less abundantly
populated with G. catenulatum, Ulocladium botrytis,
Fusarium sambucinum, and Mycelia sterilia. The fun-
gus F. oxysporumwas also detected in the internal root
tissues of the infected tomato and cucumber plants.

The rhizoplane of 1- to 2-week-old barley plants
was the most abundantly populated with the order Muc-
orales, the genera Fusarium, Penicillium, Alternaria,
Trichoderma, Acremonium, and Zygorhynchus, the
species Aspergillus niger, and the family Piptocephali-
daceae. The genera Fusarium, Stysanus, Scopulariop-
sis, and Humicola were less abundant in the rhizoplane
of the barley hybrid 18505 than in the rhizoplane of the
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Table 2. The spatial distribution of microscopic fungi over the roots of 2-week-old tomato plants

Fungal abundance, %
Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Alternaria alternata 10
Aspergillus fumigatus 10
A. niger 10 10
Chaetomium sp. 10
Cladosporium herbarum 10 10
Fusarium oxysporum 10 20 10 30 25
F. moniliforme 17 10
F. solani 9
Fusarium nivale 8
Order Mucorales 25 20 18 20 10 40 50
Paecilomyces sp. 9
Penicillium decumbens 9 10 10
P. funiculosum 10 10
P. purpurogenum 17 10 9
P. variabile 10
Penicillium sp. 10 9
Trichoderma hamatum 17 30 20 27 20 30
T. aureoviride 8 10
T. polysporum 10 10 10 10
Ulocladium sp. 10
Sterile light-colored mycelium 10 10 10 25
Sterile dark-colored mycelium 8 9

Note: 1 through 8 are the serial numbers of root fragments 0.5-1 mm in size. The total root length was 12—15 cm.
* Thefirst root fragment (the root tip) was not colonized by fungi in 6 out of 10 cases.

barley hybrid 19304. The reverse was observed with the
fungal genera Trichoderma and Acremonium.

The dataon the spatial distribution of micromycetes
in the tomato and cucumber rhizoplanes presented in
Tables 2 and 3 show that the species diversity of micro-
myceteswas minimal in the apical zone of theroots: on
the average, only 6-7 of every 10 roots of these plants
were found to be populated in their apical zone with
micromycetes of the order Mucorales, the genus
Fusarium, and with an unidentified light-colored sterile
mycelium.

The root zone between the zones of root elongation
and root hairs was dominated by micromycetes of the
order Mucorales and the genus Fusarium
(F. oxysporum, F. nivale, and F. moniliforme) and, to a
lesser degree, by A. niger, T. harzanum, and the light-
colored sterile mycelium. Microscopic fungi became
more diversein the zone of root hairs (root regions 4, 5,
and 6), where the representatives of the genera Tricho-
derma (T. hamatum, T. koningii, T. polysporum, and
T. aureoviride), Penicillium (P.  purpurogenum,
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P. decumbens, and P. melenii), Aspergillus (A. fumiga-
tus and A. niger), and Paecylomyces were detected.
This zone was dominated by micromycetes of the order
Mucorales, the genera Trichoderma and Fusarium,
and, to alesser degree, by Acremoniumand Ulocladium
(in the cucumber rhizoplane) and Chaetomium (in the
tomato rhizoplane). In this root zone, the fungi of the
order Mucorales were less abundant than in the apical
zone.

In the basal part of the roots, the micromycetes of
the genera Trichoderma, Penicillium (P. funiculosum,
P. purpurogenum, and P. variable), and Chaetomium
(in the cucumber rhizoplane) became more abundant.
The abundance of the genus Fusarium in this zone
remained high. The micromycetes of the genera Glio-
cladium, Cladosporium (C. herbarum), and Alternaria
(A. alternata) and the sterile dark-colored mycelium
were detected only in this zone of therhizoplane. Inthe
course of the vegetation period of tomato and cucumber
plants, the species diversity of fungi colonizing their
rhizoplanes somewhat increased (Tables 4 and 5).
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Table 3. The spatial distribution of microscopic fungi over the roots of 2-week-old cucumber plants

Fungal abundance, %
Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Acremonium sp. 10
Aspergillus fumigatus 10 9
A. niger 10 20 9 20
Chaetomium sp. 10 10
Gliocladium fimbriatum 10
Fusarium oxysporum 10 10 8 10 9 10
F. solani 10 10 10
F. moniliforme 8
Fusarium nivale 9
Order Mucorales 15 10 10 17 10 18 40 66
Paecilomyces sp. 8
Penicillium canescens 8
P. melenii 8
P. purpurogenum 15 30 9
Penicillium sp. 10
Trichoderma harzianum 39 10 25 10 9
T. koningi 10 9
T. polysporum 10 10 17 10 9
Ulocladium sp. 10
Verticillium lateritum 10
Mycelia sterilia (fam. Mucedinaceae) 18 30 33
Mycelia sterilia (fam. Dematiaceae) 23 10 8

Note: 1 through 8 are the serial numbers of root fragments 0.5-1 mm in size. The total root length was 12—15 cm.
* Thefirst root fragment (the root tip) was not colonized by fungi in 7 out of 10 cases.

The spatia distribution of micromycetes in the
rhizoplane of 1- to 2-week-old barley plants was simi-
lar to that in the tomato and cucumber rhizoplanes
(Table 6). Analysis with the use of Hutchinson agar
revealed a 2- to 3-fold increase in the species diversity
of micromycetes colonizing the basal and middle parts
of the roots as compared to their apical zone. It should
be noted that we failed to reveal any growth of micro-
mycetes on the Hutchinson agar inoculated with frag-
ments of the root tip and the root elongation zone.

The statistical analysis of the results obtained in this
study showed that, irrespective of the plant age, the root
zona differences in the species composition of the
micromycete complexes of the tomato and cucumber
rhizoplanes are statistically significant with P < 0.001
(Table 7). On the other hand, the micromycete com-
plexes of the same rhizoplane zones of the tomato and
cucumber plants grown in the same soil did not signif-
icantly differ.

The calculated Shannon diversity indices and the
Sorensen similarity coefficients confirmed the revealed

zonal changes in the species diversity of micromycetes
aongtheroot axis(Figs. 1, 2). The speciesdiversity was
minimal intheroot tip zone of the tomato and cucumber
rhizoplanes (the Shannon diversity index = 1.0),
whereas this index reached 1.8-2.0 in the root elonga-
tion zone and was maximal (2.5-3.1) in the zone of root
hairs and in the basal part of the roots (Fig. 1). Accord-
ing to the calculated Sorensen similarity coefficients
(68—74%), the micromycete complexes of the root tip
and the zone of root elongeation are very similar (Fig. 2).
At the same time, these micromycete complexes sub-
stantially differ from the micromycete complexes of
the zone of root hairs (the Strensen similarity coef-
ficient 50-60%), the basal part of roots (the
Sorensen coefficient = 40-50%), and the upper region
of this part (the Sorensen coefficient = 40%).

DISCUSSION

In studies of the spatial distribution of micro-
mycetes over plant roots, more accurate results can be

MICROBIOLOGY Vol. 70 No.2 2001
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Table4. The spatial distribution of microscopic fungi in the tomato rhizoplane at different vegetation stages

First stage (onset of flowering)

Fungal abundance, %

Fungal taxon basal root zone middle root zone apical root zone

8 7 6 5 4 3 2 1*

Aspergillus niger 20 10

Alternaria alternata 10

Chaetomium sp. 10

Cladosporium herbarum 10

Fusarium sp. 25 10 10 20 10 40 10

Order Mucorales 25 10 10 20 10 40 20

Paecilomvces sp. 10

Penicillium sp. 25 30 20 30 10 10

Trichoderma hamatum 25 40 30 30 40 40

Ulocladium sp. 10

Sterile light-colored mycelium 10 10 10 10

Sterile dark-colored mycelium 10

Second stage (flowering)

Fungal abundance, %

Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Aspergillus niger 10 17
Alternaria alternata 10
Chaetomium sp. 8
Cladosporium herbarum 8 10
Fusarium sp. 31 17 10 20 8
Order Mucorales 8 33 10 40 30 17 50 10
Paecilomvces sp. 10
Penicillium sp. 23 17 20 20 20 17
Trichoderma hamatum 15 17 40 20 33 25
Vertisillium lateritum 10
Sterile light-colored mycelium 17 17
Sterile dark-colored mycelium 8 17 20
Third stage (maturation)
Fungal abundance, %
Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Aspergillus niger 7 12 8 7 7 10
Alternaria alternata 14
Chaetomium sp. 7 14
Gliocladium sp. 7 8
Fusarium sp. 20 18 15 7 7 17 15 10
Order Mucorales 30 31 15 20 14 42 58 10
Penicillium sp. 13 20 20 21 8 7
Trichoderma hamatum 20 12 42 25 25 16 7
Sterile light-colored mycelium 6 7 8 7
Sterile dark-colored mycelium 15 6 7
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Table 5. The spatia distribution of microscopic fungi in the cucumber rhizoplane at different vegetation stages

First stage (onset of flowering)

Fungal abundance, %

Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Aspergillus niger 20 10
Alternaria alternata 10
Chaetomium sp. 10
Cladosporium herbarum 10
Fusarium sp. 25 10 10 20 10 40 10
Order Mucorales 25 10 10 20 10 40 20
Paecilomyces sp. 10
Penicillium sp. 25 30 20 30 10 10
Trichoderma hamatum 25 40 30 30 40 40
Ulocladium sp. 10
Sterile light-colored mycelium 10 10 10 10
Sterile dark-colored mycelium 10
Second stage (flowering)
Fungal abundance, %
Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Aspergillus niger 10 17
Alternaria alternata 10
Chaetomium sp. 8
Cladosporium herbarum 8 10
Fusarium sp. 31 17 10 20 8
Order Mucorales 8 33 10 40 30 17 50 10
Paecilomyces sp. 10
Penicillium sp. 23 17 20 20 20 17
Trichoderma hamatum 15 17 40 20 33 25
Verticillium lateritum 10
Sterile light-colored mycelium 17 17
Sterile dark-colored mycelium 8 17 20
Third stage (maturation)
Fungal abundance, %
Fungal taxon basal root zone middle root zone apical root zone
8 7 6 5 4 3 2 1*
Aspergillus niger 7 12 8 7 7 10
Alternaria alternata 14
Chaetomium sp. 7 14
Gliocladium sp. 7 8
Fusarium sp. 20 18 15 7 7 17 15 10
Order Mucorales 30 31 15 20 14 42 58 10
Penicillium sp. 13 20 20 21 8 7
Trichoderma hamatum 20 12 42 25 25 16 7
Sterile light-colored mycelium 6 7 8 7
Sterile dark-colored mycelium 15 6 7
MICROBIOLOGY Vol. 70 No. 2 2001
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Table 6. The spatial distribution of microscopic fungi in the rhizoplane of 2-week-old barley (hybrid 19304) plants

Fungal abundance, %
basal root zone middle root zone apical root zone
Fungal taxon
7 6 4 3 2 1
1x | 2%* 1 2 1 2 1 2 1 2 1 2 1 2

Acremonium sp. 13 5 9 17
Aspergillus niger 5
Alternaria alternata 5
Humicola grisea 46 5
Fusarium sp. 26 | 27 45 9 | 25 35 15 17
Order Mucorales 47 | 14 | 80 | 25 | 65 | 30 | 75 | 50 | 75 | 55 | 73 | 75 | 75 | 80
Family Piptocephalidaceae) 4 5 10
Penicillium sp. 27 15 6 | 26 | 10 | 25 51| 25 5| 18 8
Scopulariopsis sp. 15
Sysanus stemonitus 4 5 6 5
Zygor hynchus sp. 5 8 | 10
Mycelia sterilia 5 20 5 5

Note: 1 through 7 are the serial numbers of root fragments 0.5-1 mm in size. The first root fragment (the root tip) was not colonized by

fungi in 5 out of 15 cases. The total root length was 12-15 cm.

* 1, fungal population was analyzed with Czapek agar. ** 2, fungal population was analyzed with Hutchinson agar.

obtained if test media are inoculated with root frag-
ments instead of root washings. If it is difficult to
mechanically clean the roots from soil particles, the
experimental plants can be grown in such a way that
their roots appear between the two layers of a small-
mesh-size gauze. This allows one to obtain a plant
rhizoplane not contaminated with soil particles.

Analysis of the species abundance of micromycetes
in the apical zone of the roots showed that it corre-
sponds (with p > 0.05) to the model of geometrical
series (Fig. 3b), whichistypical of the early succession
stages of microbial communities when their species
occupy the free space in the niche within equal time
periods [12]. At the same time, the species abundance
of micromycetes in the basal root zone and in the zone
of root hairs corresponds (with p > 0.05) to the model
of log series (Figs. 3c, 3d), which describes microbial
communities composed mainly of rare species and dis-
tinguishable by a small number of dominant species
and random time intervals at which the species occupy
free space in the niche. The species abundance of
micromycetes in the rhizoplane of 2-week-old tomato
plants corresponded to the log series model (Fig. 3a)
and, in the rhizoplane of mature tomatoes, to the log—
norma model, which describes developed microbial
communities with diverse species [13]. The species
abundance of micromycetes in the cucumber
rhizoplane was similar. It should be noted that species
abundance in the micromycete complex of soddy pod-

MICROBIOLOGY  Vol. 70

No. 2 2001

zolic soils can be adequately described by the model of
Macarthur’s broken rod and log—normal series[13].

The data available in the literature on the fungal
population of the root tip are very limited and contra-
dictory. For instance, Sulochana found that the cotton
root tip was colonized by micromycetes [14], whereas
Parkinson presented opposite data[15].

Our studies showed that the root tip is seldom, if at
all, colonized by micromycetes. This finding was con-
firmed both by scanning electron microscopic observa-
tions [6] and by the direct inoculation of Czapek and
Hutchinson agars with root fragments (the latter exper-

Table 7. Evauation of the effect of various factors (root
zone, plant species, and plant age) on the species structure of
micromycete communities

Factor Iaﬁ%g%gi Significance level
Cucumber root zone 0.16 P <0.001
Tomato root zone 0.19 P <0.001
Root zone of both plants 0.28 P <0.001
Plant age 041 P <0.001
Plant 0.92 P<0.332

* The degree of influence was cal cul ated astheratio of the determi-
nant of the intergroup covariant matrix to the determinant of the
general covariant matrix (Wilk’sA).
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Fig. 1. Similarity of the micromycete complexes colonizing
the different zones of the rhizoplane of (a) tomato and
(b) cucumber plants: 1, 2, and 3, the basal part of roots; 4, 5,
and 6, the zone of root hairs; 7, theroot el ongation zone; and
8, theroot tip.

iments showed the absence of micromycetes on theroot
tip in 60—-100% of the cases). Thisfact can be explained
by root elongation at arate that exceeds the mean linear
growth rate of soil bacteria and fungi, so that they do
not have time to propagate from the colonized portions
of the root to its newly growing uncolonized portions.
Alternatively, microbial colonization of the root tip
may be prevented by the secretion of antibiotic sub-
stances by this part of the root. With plant maturation,
both the occurrence and abundance of micromycetesin
the apical root zone increase, which can be accounted
for by the dowing down of theroot growth and adimin-
ishing amount of secreted antibiotic substances.

The micromycetes colonizing the root tip and the
zone of root elongation were dominated by fast-grow-
ing (with alinear growth rate of 0.7—1.2 mm/h) R strat-
egists (Mucorales, Mycelia sterilia, and F. oxysporum).
According to the data of Sulochana, related fungi,
F. solani and Rhyzopus oryzae, colonize the cotton root
tip [14]. The root elongation zone and the region bor-
dering the root hair zone were mainly colonized by
fusaria, A. niger, and, to a lesser degree, by Tricho-
derma. The zone of root hairs and the basal root portion
were colonized by fungi of the genera Penicillium,
Alternaria, Gliocladium, Chaetomium, Paecilomyces,
Ulocladium, Trichoderma, Talaromyces, and some oth-
ers, many of which are typical cellulolytics. After the
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inoculation of Hutchinson agar with root fragments of
these zones, fungal colonies began to grow in later
terms, appeared in a lower number, and grew slower
than after the inoculation of this agar with fragments of
the root tip and elongation zone. Therefore, unlike the
microbial population of the apical root zone, which is
mainly represented by the fast-growing R strategists,
the microbia population of the middle and basal por-
tions of roots is mainly represented by slow-growing K
strategists. Similar changes in the microbial population
of the rhizoplane were observed in relation to plant
development [16].

The fungal population of different root portions is
governed by the amount and composition of root exu-
dates, the amount of dying root cells, the rate of elon-
gation of different root zones, and other reasons. The
colonization of the root as a whole and its particular
Zones is species-specific. For instance, the cucumber
rhizoplane is mainly populated by the fungal species
T. harzianum, whereas the tomato rhizoplane, by
T. hamatum. The population of F. oxysporum is maxi-
mal in the root zone nearest to the root tip. Similarly,
the population of Verticilliumdahliae and F. oxysporum
was found to be maximal at a distance of 1-2 cm from
the cotton root tip [5].

The colonization of the tomato and cucumber
rhizoplanes by fusaria earlier than by micromycetes of
the genera Trichoderma, Gliocladium, Penicillium, and
others may explain the failure of the attemptsto control
root diseases through the introduction of Trichoderma
and Gliocladium species [16]. Indeed, even though an
introduced antagonistic strain is ableto colonize aroot,
virulent Fusarium races can colonizeit in earlier terms,
thus preventing the col onization of theroot by theintro-
duced strain. The data presented here show that, to be
efficient against particular root infections, introduced
antagonistic strains must be able to rapidly colonizethe
rhizoplane. Good candidates for this are the fast-grow-
ing fungi forming the light-colored sterile mycelium
and the fungi of the order Mucorales. In the case of the
barley hybrid 18505, the fungi of the genus Acremo-
nium also holds considerable promise. Mucorales,
which aretypical R strategists, show rapid germination
and growth, produce massive mycelium, and are ableto
colonize the fast-growing portions of the root, includ-
ing the root tip. However, they have some disadvan-
tages, such as weak interpopulation interactions and
inability to form antibiotic substances[10]. As aresullt,
in the zone of root hairs and in the basal portion of the
root, where the population of other fungi is dense, the
population of mucorales is diminished. The possihility,
however, cannot be excluded that new strains of muco-
rales can be found or obtained by genetic engineering
methods, which will be more competitive with respect
to phytopathogenic microorganisms.

Recently, a new approach to control root pathogens
has been proposed, which lies in the introduction of

MICROBIOLOGY Vol. 70 No.2 2001
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Fig. 2. The speciesdiversity of the microscopic fungi colonizing the different zones of the rhizoplane of (a) tomato and (b) cucumber
plants: 1, 2, and 3, the basal part of roots; 4, 5, and 6, the zone of root hairs; 7, the root el ongation zone; and 8, the root tip.

Abundance, %

102 r r
(a) TS (b) (©) i (d)
* * *
< * <*
1L ® I 4 B *
10' *»
. . - ®e
*oe M . ‘e,
soey, . m“ ’m
.
100+ Sossen - - I
10—1 1 1 1 1 1 1 1 1 1
0 10 20 30 0 5 10 0 10 20 0 10 20
Species rank

Fig. 3. The distribution curves of the species abundance of microscopic fungi in (a) the rhizoplane of 2-week-old tomato plants and
in (b) the apical zone, (c) the root hair zone, and (d) the basal zone of their roots.

nonpathogenic allied strains to the rhizoplane [18]. For
instance, the preliminary inoculation of the sweet
potato rhizoplane with the nonpathogenic F. oxysporum
sp. prevented their colonization with the pathogenic
F. oxysporumf. sp. batatas[19], and the introduction of
the saprotrophic fungus Fusarium sp. to soil led to its
resistance to fusarium wilt [20]. These results can be
explained by the induction of defense reactionsin host
plants by nonpathogenic strains or by the competition
between pathogenic and nonpathogenic strains for
common nutrients [21].

Saprotrophic fusaria (F. oxysporum and other spe-
cies) are the first to colonize the rhizoplane. This
MICROBIOLOGY  Vol. 70

No. 2 2001

implies that nonpathogenic fusaria strains must effi-
ciently compete with phytopathogenic bacterial strains
for common econiches in the rhizoplane and, hence,
may prevent the phytopathogen invasion of plants.
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